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PREFACE

The purpose of the study reported here is to estimate the potential cost of a federal
guidance proposed by the Environmental Protection Agency (EPA) limiting public exposure
to radiofrequency (RF) radiation. An estimate of the economic effects of proposed
federal actions is mandated by a series of Executive Orders (EOs), the latest of which is
EO 12291, Federal Regulation, which is implemented by an Office of Management and
Budget guidance on regulatory impact analysis and, in EPA, by a companion guideline for
performing regulatory impact analyses. The federal radiofrequency radiation protection
guidance has been developed by the EPA under the Federal Radiation Council Authority,
42 U.S.C. 2021(h), transferred to EPA by EO 10831, Reorganization Plan Number 3 of
1970 and by Public Law 86-373.

The EPA has conducted research over the past 12 years on the electromagnetic
environment to which the public is exposed and on the propagation of RF by a wide
variety of sources, the most significant of which are AM and FM radio, VHF-TV and
UHF-TV broadcast stations. The cost study is limited to these significant sources of RF.
One of the results of this study, in conjunction with EPA research, is a conceptual
development of the type of mitigation measures necessary to effect compliance, as
indicated by model results at 18 alternative guidance levels ranging from | uW/cm? (FM
and TV) or 10 V/m (AM) to 10,000 uW/cm® (FM and TV) or 1,000 V/m (AM). The cost of
compliance was estimated using a series of models that present a range (low, medium, and
high) of costs to society-at-large, costs to the broadcast industry and costs to and effects
on the net income of the average broadcast station. The costs are expressed in a variety
of ways, including gross cost, net annual cash flow cost, average annual cash flow cost,
and present value.

The report is organized into two volumes, the first a description of the study and a
summary of results, the second a series of appendices containing an explanation and
sample of the calculations for each of the three segments of the broadcast industry; the
appendices also include detailed tabular and graphic descriptions of various cost estimates
at each of the 18 guidance levels at the three cost levels. Yolume I begins with a preface,
executive summary, and abstract, followed by an introduction in which a discussion of the
purpose and scope of the study lead to an extensive graphic presentation of conclusions
supported by summary tables. Following this is a background section outlining the purpose

for and current efforts to regulate RF radiation, public and industry concerns over RF and
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its regulation, a brief review of the electromagnetic environment and of health effects
research, a profile of commercial broadcast facilities and a discussion of the framework
for regulatory (economic) impact analyses.

The next section describes the method of approach used in the cost study. Following
this is a section describing the compliance measure concepts developed by the EPA and
consultants as part of this study. The remaining section describes the cost models--social,
industry, and average firm. All assumptions, including costs, application of compliance
measures and financial parameters, are discussed throughout and summarized at the
conclusion of Volume I for convenience.

Volume II contains three appendices, one each for AM and FM radio and TV
broadcast stations, that present a step-by-step explanation of each of the calculations in
the cost models. Those are followed by other appendices that present detailed estimates
of the cost of compliance with 18 guidance levels at three cost levels, given in terms of
the cost to society-at-large, the cost to industry, and the cost to the average broadcast
firm; in addition, the number of stations requiring a compliance measure at each guidance
level is given. The average annual cash flow cost and present value estimates are plotted
for each of the three analyses (social, industry, and average firm) at three cost levels.
These are supported by data in the tables, which also contain other cost analyses not
plotted.

This two-volume report is one of a number of documents presenting research that
was used to develop the proposed RF guidance and provide analyses for reviewers and
decision makers considering it. A presentation of the engineering and health studies is
contained in three reports published or in preparation by the U.S. Environmental
Protection Agency. A review of over 5000 citations of health risks and biological effects
of RF is given in U.S. Environmental Protection Agency, Biological Effects of
Radiofrequency Radiation, J. A. Elder and D. F. Cahill Eds., Health Effects Research
Laboratory, Research Triangle Park, North Carolina, EPA-600/8-83-026F, September

1984. A study of the engineering aspects of radiofrequency radiation is contained in

Gailey, P. C. and R. A. Tell, An Engineering Assessment of the Potential Impact of

Federal Radiation Protection Guidance on the AM, FM, and TV Broadcast Services, U.S.

Environmental Protection Agency, Washington, D.C. (in press). A third report has been

prepared on the radiofrequency environment: Hankin, N. N., The Radiofrequency

Radiation Environment; Environmental Exposure Levels and RF-Emitting Sources, U.S.

Environmental Protection Agency, Washington, D.C. (in press).
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APPENDIX A
ECONOMIC METHODOLOGY: SAMPLE COMPUTATIONS AND ENGINEERING
DATA FOR FM RADIO STATIONS

The object of this appendix is to present a detailed sample calculation of the total
social, industry, and average firm cost of complying with guidelines limiting public
exposure to radiofrequency radiation. In Volume 1, the cost analysis is presented for
eighteen field strength guidance levels at three cost levels. For the sample calculation,
guidance level 6 (i.e., 100 uW/cm?) at the medium cost level is analyzed. The cost to
society-at-large of the 100 uW/cm? standard is expressed in terms of the total gross cost,
the annual cash flow cost, and the present value. The cost to industry is expressed in
terms of annual net cash flow cost over a period of ten years, the average cost over the
10-year period, and the present value of the 10-year cost stream. The cost to the average
firm is presented in terms of the annual net cash flow cost, the average cost, and the

average present value for the average profitable station.
REQUIRED DATA AND DEFINITIONS

The cost analyses address six compliance measures (termed fixes) that are used to
achieve compliance at each of 18 power density levels. The cost of these six fixes at each
of three cost levels is given in Table A-l1. Fix 1 is the placement of signs warning the
public of over-guidance radiofrequency radiation at very remote antennas, but this
measure is not used in the analysis except in a small comparison study described in
Volume 1. Fix 2 involves replacement of the antenna with an off-the-shelf model of the
same gain or number of elements, but with reduced downward radiation. Because the
price of FM antennas varies directly with the number of bays, it is necessary to know how
many stations require antennas of what size. Table A-2 lists FM stations for each of the
18 power density levels whose antennas are installed alone on ground-mounted towers by
the size of antenna (number of bays or elements in the antenna). Column | gives the
antenna size; column 2 gives the total number of stations in the EPA data base whose
signal exceeds the given power density. It is the sum of columns 3 through 6. Column 3
gives the number of stations distributed by antenna size that would comply with the given
power density limit with installation of an off-the-shelf model, Fix 2. Column 4 gives the
number of stations by antenna size for which a specially designed half-wavelength antenna
would be required to achieve compliance, Fix 3. Column 5 gives the stations that would

require a specific type of half-wavelength antenna. These were combined with the

stations in Fix 3 for the cost analysis. Column 6 gives the remainder of the stations for
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Table A-1. Costs of compliance measures for FM radio broadcast stations.?

a. Compliance measure 1. Post area exposed to over-standard levels of RF.
Cost per station
Low Medium High
Cost of signs $2,000 $2,000 $2,000

b. Compliance measure 2. Replace existing FM antenna with new model having smaller
grating lobe.
Cost per station

Number of bays Low Medium High
I $ 1,750 $ 4,690 $ 6,650
2 3,500 8,300 11,500
3 5,300 12,200 16,725
4 7,000 16,200 22,300
5 8,800 21,100 27,700
6 11,400 24,300 32,850
7 13,200 28,300 38,350
8 15,000 32,700 44,500
9 16,700 36,900 50,275

1o 18,500 41,000 56,050
Il 20,200 44,700 60,960
12 22,000 50,000 65,870
13 26,000 54,200 73,060
14 . 27,900 59,300 80,250
lé 31,700 67,700 91,720

c. Compliance measure 3. Replace existing FM antenna with new antenna whose
elements are spaced A\/; apart.
Cost per station

Number of bays Low Medium High
1 $ 1,750 $ 4,690 $ 6,650
2 5,950 14,110 19,550
3 9,540 21,960 30,105
4 13,125 30,375 41,813
5 16,500 39,550 51,950
6 21,375 45,575 61,600
7 24,750 53,075 71,900
8 28,125 61,325 83,450
9 31,325 69,200 94,275

10 34,700 76,875 105,100
i1 37,875 83,825 114,300
12 41,250 93,750 123,500
13 48,750 101,625 137,000
i4 52,325 111,200 150,475
16 59,450 126,950 171,975
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Table A-1. (continued)

d. Compliance measure 4. Lease space for an FM radio broadcast antenna on another,

existing tower, presented as the present value (PV) discounted at 10% over 50 years.
Cost per station

Low Medium High
Equipment $17,000 $23,000  $27,000
Lease (PV) 29,750 59,500 89,250
Total $46,750 $82,500 $116,250

e. Compliance measure 5. Build taller tower on same site as existing tower.

Cost per station

Height (<) of new tower (ft) Low Medium High
50 $14,100 $24,500 $ 32,800
75 15,700 26,800 35,900

100 17,300 29,200 39,000
125 19,600 32,600 43,500
150 21,900 36,000 48,000
175 24,100 39,200 52,300
200 26,500 42,800 57,000
250 30,500 48,700 64,800
300 36,100 56,900 75,700
350 46,700 72,600 96,500
400 54,000 83,400 110,700
500 81,800 105,900 130,000

f. Compliance measure 6. Build new tower on new site.
Cost per station

Height (<) of new tower (ft) Low Medium High
100 $60,000 $117,500 $175,000
150 62,500 120,750 179,000
200 65,000 124,500 184,000
250 67,500 128,250 189,000
300 75,000 140,000 205,000
350 80,000 151,000 222,000
400 80,000 151,000 222,000
500 95,000 180,000 265,000

2 Derived from Table 9, Volume 1.



TABLE A-2. AN ANALYSIS OF THE REQUIREMENTS FOR COMPLIANCE WITH GUIDELINES
LIMITING PUBLIC EXPOSURE TO RADIOFREQUENCY RADIATION FROM SINGLE, GROUND-
MOUNTED FM RADIO STATIONS IS GIVEN FOR 18 POWER DENSITY LEVELS. SOURCE:
EPA ORP, LAS VEGAS, NV.

- S G e - - N e = - T = A N AR ER D s e 4T T R A AP e S P e - e m S e e

1 MICROWATT PER SQ. CM

- e e e - e W S e e o T Y - = n A R P VR G R D M e S e R e e b M v T W Ve W AN e e =

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE **
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE -
REQUIRING ANTENNA ANTENNA * ANTENNA *
COMPLIANCE

1 66 25 ) g 41
2 295 113 32 27 123
3 628 229 197 69 133
4 516 132 223 42 118
5 162 19 37 i4 92
6 369 28 111 43 195
7 92 15 47 5 25
8 176 11 8@ 23 62
9 14 g 19 1 3
19 221 2 76 59 86
11 29 ) 12 5 3
12 311 2 222 48 3%
13 3 1 2 4 4
14 31 g 28 1 2
16 5 1 4 2 )
TOTALS 2928 568 1981 337 922

12 MICROWATTS PER SQ. CM

1 41 12 14 3 12
2 223 76 118 5 24
3 513 369 122 1 21
4 436 267 148 1 28
5 142 28 83 4 27
6 341 56 241 1 43
7 82 39 36 g 7
8 leg 39 129 B 12
9 14 1 11 2 2
18 204 9 189 2 13
11 22 1 19 g 2
12 278 35 238 2 3
13 3 2 1 g )
14 21 19 11 ) g
16 2 2 ) 2 2
TOTALS 2472 937 1334 19 182

*Combined for Fix 3.

**rixes 4, 5, 6 used.
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TABLE A-2. CONTINUED

R - = - - e R B D D G M e A R P N AR D N N e R S . A e v S - TR G S G e R e

o e O e e R e G R e e Y e e R R SR S G SR L e = WY R M A R MR N A G e A e e S R S R e e e M em S G S8 Gm .

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE

1 29 13 9 1 6

2 146 62 72 2 19

3 318 241 64 3 18

4 311 218 79 3 11

5 123 36 66 3 18

6 388 93 181 6 29

7 63 34 26 g 3

8 141 38 95 2 7

9 13 4 7 1 1
12 192 43 144 2 3
11 22 9 11 g )
12 239 183 134 ) 2
13 2 2 2 ) )
14 29 13 7 g )
16 ) i) 2 4 g
TOTALS 1917 91# 895 21 91

50 MICROWATTS PER SQ. CM

1 11 5 1 2 3
2 69 33 35 ) 1
3 122 82 32 2 6
4 153 196 41 2 4
5 99 36 44 2 8
6 227 126 93 1 7
7 41 25 16 ) 2
8 195 61 42 1 1
9 7 4 3 g 2
12 163 BS 77 2 1
11 i8 15 3 ) 2
12 187 141 46 ) g
13 1 1 g 2 3§
14 12 9 3 2 2
16 1) ) g ) )
TOTALS 1286 729 436 i9 31
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TABLE A-2. CONTINUED

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 172 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE
1 7 1 3 1 2
2 41 13 27 1 ]
3 72 44 22 1 5
4 183 69 31 2 3
5 83 43 35 -} 5
6 198 128 64 2 6
7 32 21 11 4 ]
8 94 63 39 ) 1
9 7 4 3 2 g
19 151 99 52 ) 2
11 17 17 S ) 7
12 174 144 26 ') ¥}
13 1 1 8 2 8
14 7 6 1 ) 4
16 g g g ) s
TOTALS 983 653 385 3 22

188 MICROWATTS PER SQ. CM

1 6 1 4 2 1
4 35 13 22 4 B
3 59 38 16 1 4
4 81 55 24 2 2
5 72 38 29 1 4
6 172 113 56 2 1
7 38 19 11 g -]
8 89 63 26 ) -4
9 7 4 3 2 ]
19 145 192 43 2 g
11 16 16 g 8 '
12 i59 143 16 8 2
13 1 1 2 a 2
14 6 5 1 g 2
16 '} g 2 q )
TOTALS 878 611 251 4 12
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TABLE A-2. CONTINUED

W o e e - TR e T e R e S A R e S e e T R TR R B R D P S G e e v

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE
1 s 3 2 ) )
2 19 18 9 4 )
3 39 19 19 8 1
4 43 26 16 ) 1
5 48 26 22 g 9
6 111 76 34 1 2
7 23 15 8 g 2
8 68 52 16 ) 2
9 3 1 2 ] 2
19 197 84 23 2 g
11 9 9 2 2 )
12 99 85 5 ) )
13 g g ) ) 2
14 4 4 ) 2 )
16 g B 2 g 1
TOTALS 568 419 147 1 2

388 MICROWATTS PER SQ. CM

1 4 3 1 ) g
2 12 6 4 B g
3 22 13 8 1 2
4 28 16 12 g o
5 49 27 13 2 2
6 75 54 21 g 2
7 15 9 6 B )
8 44 35 9 ) 2
9 2 g 2 ) 8
19 83 66 17 B g
11 6 6 4 2 [
12 68 65 3 9 2
13 4 -] 2 g )
14 3 3 ) ) )
16 2 4 2 ) 2
TOTALS 499 383 86 1 g



TABLE A-2. CONTINUED

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE
1 1 1 ) ) ]
2 4 2 2 ) g
3 18 12 6 2 4
4 2a 11 9 ) 2
5 34 23 11 Qg g
6 61 45 16 2 2
7 12 7 5 ) 2
8 32 23 9 2 9
9 2 1 1 ) g
19 55 44 11 g 2
11 3 3 g g 2
12 36 34 2 ) 2
13 ) ) ) ) )
14 2 2 2 g g
16 4 7 g a 2
TOTALS 288 288 72 7 g

522 MICROWATTS PER SQ. CM

1 g ) 2 ) g
2 3 2 1 ) )
3 15 9 6 ) g
4 16 9 7 g )
5 28 17 11 2 2
6 59 38 12 ) )
7 9 6 3 ) 2
8 24 17 7 g )
S 2 1 1 g )
17 47 ag 7 g )
11 2 2 g ) 2
12 27 25 2 2 2
13 2 ) g g )
14 2 2 ) 2 )
16 2 ) B ] g

TOTALS 225 168
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TABLE A-2. CONTINUED

- - - - - — "t e o = YR G e G S S I GRS e SR P TR N e e e SR SR e S S e e P e e W

- - - e " R S S S e T D TS S e G e S e W A

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAYE 172 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE

1 a g g -] B

2 3 3 ) 2 2

3 13 8 5 ) )

4 13 B8 5 ) 8

5 25 17 8 ) 1)

6 39 31 8 2 4

7 6 4 2 ") 2

8 29 13 7 g g

9 2 1 1 ) g
1 39 34 5 ) )
11 2 2 g ) »
12 24 22 2 g 2
13 ) g ) ) %)
14 2 2 2 ) )
16 ' f P g ) )
TOTALS 188 145 43 2 )

789 MICROWATTS PER SQ. CM

1 2 ) ) 8 2
2 1 1 2 4 4
3 12 7 5 ) 9
4 13 8 5 2 g
5 22 14 8 9 )
6 37 29 8 ) 2
7 6 4 2 2 2
8 16 9 7 B g
S 2 1 1 2 )
12 32 23 1 4 )
11 2 ) ) 4 9
12 18 17 1 2 )
13 g g 2 4 P
14 1 1 ) ) 9
16 g g g 2 )
TOTALS 168 129 38 g 9
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TABLE A-2. CONTINUED

- e W " A W E AR D e e = e A R AR SR T P SR P R S e D R R AR M R e A R G S R e R S Gm . P D R e Gm = e e

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPLIANCE
1 g ) ) 2 g
2 1 1 P ) 4
3 12 8 4 ) )
4 12 7 5 ) 2
5 21 14 7 2 ')
6 31 25 6 ) )
7 6 5 1 ) g
8 14 8 6 ) 2
9 2 1 1 7 g
19 27 286 1 2 )
11 2 4 g 2 )
12 15 14 1 g 2
13 2 2 4 ) 2
14 1 1 2 s g
16 ) 9 ) 2 )
TOTALS 142 119 32 ) 2

988 MICROWATTS PER SQ. CM

1 g ) 2 9 9
2 1 1 2 2 ¥ f
3 19 6 4 2 )4
4 11 7 4 2 a
5 19 13 6 g 2
6 28 22 6 ) 2
7 6 5 1 2 ) §
8 11 7 4 ) g
9 2 1 1 i &
19 23 22 1 2 2z
11 g 2 g g )]
12 12 11 i ) g
13 - b 4 ) 2
14 1 1 ) 2 2
16 ) g ) g g
TOTALS 124 96 28 2 b



TABLE A-2. CONTINUED

e = - - o O e e e A R e = e e A S R S A R S e e Y S G S e G P AR e e e

. e S e e s e Y S S e Y R e - R e e S A G W R Y e e e e e - Sm e T e e e e -

NUMBER TOTAL BETTER NEW BETTER UNF IXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 172 WAVE

REQUIRING ANTENNA ANTENNA ANTENNA

COMPLIANCE

- - - ——— - e e e S W e e W D S e e R G e T P e e e . A -

—
NOWONO U & WN -
~N
s
N =

—
—
=

- b s
NaeWnN
—

TOTALS 116 94 22 2 2
2P88 MICROWATTS PER SQ. CM

1 2 B 2 ) g2
2 ) ) 2 2 2
3 8 7 1 ) 2
4 4 2 2 2 4
5 11 8 3 ) ]
b 17 16 1 ) §
7 3 3 4 g 2
8 3 2 1 1) )
9 1 1 g g 2
18 8 7 1 2 )
11 2 ) g ) 2
12 3 3 4 %) .
13 g 2 g g 2
14 1 1 2 ) 2
16 ) ) ) 2 2
TOTALS 59 58 9 g )



TABLE A-2. CONTINUED

- — - — - o - - = = WP W A e WD T A TR S TR R D P = W M MR R T T A = = = . -

- - - W - o B 0 e o o e e e S D o W G SR G e e S e AR M L T TR AR e R R e AT R A A

NUMBER TOTAL BETTER NEW BETTER UNFIXABLE
OF BAYS STATIONS STANDARD 1/2 WAVE 1/2 WAVE
REQUIRING ANTENNA ANTENNA ANTENNA
COMPL IANCE
1 g ] -] B )
2 ) ) B g b4
3 4 4 ) 2 )
4 a g ) 2 8
5 2 2 g ) 2
6 4 4 ) 2 2
7 1 1 2 ) 2
8 2 2 g 2 )
9 g B ) ) 2
12 2 2 B ) o
11 g ') g ) )
12 '} B g g 2
13 2 2 2 ) )
14 ) 2 2 g g
16 g Q %) 2 2
TOTALS 15 15 ) B 2
128028 MICROWATTS PER SQ. CM
1 ) p B ) 2
2 2 2 ) ) )
3 1 1 ) B 9
4 ) B 2 4 8
5 a ) 7 g g
6 1 1 ) ) )
7 g ] B ) g
B 1 1 g g i)
9 ' J '3 ). ) ')
18 b4 5 2 ] ]
11 2 g 4 ) g
12 2 ) 9 2 )
13 2 2 g z )
14 g g 2 g 2
16 g ) ) 9 )
TOTALS 3 3 2 g 8



which Fix 2 and 3 would be insufficient to achieve compliance at the given power density
level. These "unfixable" stations are distributed among 3 additional measures according
to the percentages given in Table A-3. Table A-4 lists FM stations by the size of the
antenna whose antennas are co-mounted with one or more others on a ground-mounted
tower. The descriptions of the data are identical to those for Table A-2.

The medium-level cost of Fix 2 for both single-mounted FM (denoted SFM) and
multiple-mounted FM (denoted MFM) stations for the 100 uW/cm? level, which will be the
level used in this example calc lation, is computed according to the gross number of SFM

and MFM stations as follows

14
TC2= ), [GNS(b)sfm,fz)' CNA(b)f2]+ GNS(16)stm, £2° CNA(16)sp +
b=1
(A-1)

14
Z [GNS(b)mfm’fz' CNA(b)f2]+ GNS(I6)mfm,f2' CNA(IG)fZ ,
b=1

where
TC2 = total cost of Fix 2,
GNS (b)sfm g» = 8ross number of SFM stations requiring an antenna of size b
?

(number of bays) for Fix 2 (Table A-2),
GNS (b)mfm §p = Bross number of MFM stations requiring an antenna of size b for
’
Fix 2 (Table A-4), and

CNA (b) £2 cost of a new antenna of size b for Fix 2 (Table A-1.b).

Refer to Table A-5 for an example of the calculation of Fix 2 medium-level costs for
compliance with 100 uW/cm2 guidance level. The costs for CNA in Table A-5 are from
Table A-l.b. The identical procedure is followed for Fix 3, using the medium-level cost

schedule in Table A-l.c for CNA.

—
L4

TC3 =

fi\gl

[GNS(b)sfm,;B)' CNA(b)f3]+ GNS(16)sfm,f3° CNA(16)s3 +
1

(A-2)

[S—
-+

i\

| [GNS(b)mfm’f3° CNAf3]+ GNS(16)mfm’f3' CNA(16)¢3 ,



Table A-3. Distribution of compliance measures 4, 5, and 6 among single and multiple FM
stations requiring antennas mounted on taller towers.

Fix 4 Fix 5 Fix 6 Total
Lease on Build taller Build taller of
another existing tower, existing tower, new three

tower site site fixes

Percentage of stations

Low-cost analysis 12.5 75.0 12.5 100
Medium-cost analysis 25.0 50.0 25.0 100
High-cost analysis 37.5 25.0 37.5 100

Source: Table 8, Volume 1.

where
TC3 = total cost of Fix 3,
GNS(b)sfm, §3 = B8ross number of SFM stations requiring an antenna of size b
(number of bays) for Fix 3 (Table A-1),
GNS(b)mfm,f3 = gross number of MFM stations requiring an antenna of size b for
Fix 3 (Table A-4), and
CNA (b)f3 = cost of a new antenna of size b for Fix 3 (Table A-l.c).

Refer to Table A-6 for an example of these computations.

The cost of Fix & for SFMs is more straightforward. Fix 4 is the first of three
applied to the "unfixable" antennas, all of which involve raising the antenna to reduce the
power density on the ground. Fix 4 represents the option to lease space at a higher
elevation on another station's tower.

TC4 = (GNSs

* F4» CEQ) + (GNS * F4+ CLE) +
u sfm,u

fm, fm,

(A-3)

(GNS ;. * F4* MFM+ CEQ) + (GNS « F4+ CLE),

, mim,u
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TABLE A-4. AN ANALVYSIS OF THE REQUIREMENTS FOR COMPLIANCE WITH
GUIDELINES LIMITING PUBLIC EXPOSURE TO RADIOFREQUENCY RADIATION
FROM MULTIPLE, GROUND-MOUNTED FM RADIO STATIONS IS GIVEN FOR 18
POWER DENSITY LEVELS. SOURCE: EPA, ORP, LAS VEGAS, NV.

" o - ae - e SR e e = e = . R R W R e e e e e e e e R e e A = e AR

1 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 172 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 8 ] ) 8
4 48 19 19 19
3 42 2 9 31
4 47 P 19 37
5 26 1 1 24
6 63 2 6 47
7 19 2 4 6
8 39 g 13 26
9 4 & 4 2
12 25 ) 5 20
11 1 ) 1 )
12 31 2 22 9
13 7 ¥ 4 ¥4 ]
14 9 ) 9 o)
16 S ) 4 1
TOTALS 348 13 187 228

19 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 6 ) 1 5
2 24 8 11 5
3 35 8 15 12
4 39 7 9 23
5 25 1 10 14
6 51 9 18 24
7 9 2 3 4
8 35 4 20 11
9 3 b4 3 2
19 23 1 13 9
11 1 1 y-§ g
12 29 8 19 2
13 ) ) 2 )
14 4 3 1 14
16 3 1 2 )
TOTALS 287 53 125 129
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TABLE A-4. CONTINUED

29 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 6 g 2 4
2 18 8 7 3
3 29 7 19 12
4 35 6 8 21
5 24 4 8 12
6 49 12 22 17
7 8 2 2 4
B 26 3 13 19
9 2 2 2 2
18 22 3 13 6
11 1 1 ) a
12 26 12 13 1
13 8 ) 2 )
14 3 2 1 2
16 2 ) 2 )
TOTALS 251 58 193 99

58 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 5 2 3 g
2 9 5 1 3
3 22 5 9 8
4 31 6 19 15
5 23 7 9 7
6 44 16 21 7
7 7 3 2 2
8 19 5 19 4
9 g ) 2 4
19 18 7 6 5
11 1 1 ) )
12 29 14 6 g
13 -4 2 ) 2
14 2 2 2 2
16 1 1 g 2
TOTALS 202 74 77 51



TABLE A-4. CONTINUED

75 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 172 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 4 1 3 2
2 5 1 1 3
3 18 5 8 5
4 27 5 8 14
5 22 6 9 7
6 39 13 29 6
7 6 2 3 1
8 18 4 14 9
9 ) ) g 3
19 17 7 7 3
11 P 2 4 4
12 14 19 4 2
13 4 ) 2 1)
14 1 1 ) g
16 1 1 g g
TOTALS 172 56 77 39

198 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 3 1 2 2
2 4 1 3 9
3 17 6 11 ]
4 26 4 16 6
5 22 6 18 6
6 36 19 25 1
7 5 1 3 1
8 17 5 12 2
S 9 ) 9 )
1Y) 16 7 7 2
11 ) ) 2 )
12 11 7 4 2
13 9 ) ) 8
14 ) g ) )
16 1 1 g )
TOTALS 158 49 93 16
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TABLE A-4. CONTINUED

208 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 1 1 ) )
2 2 1 1 2
3 13 3 19 2
4 28 3 13 4
5 14 1 19 3
6 27 19 17 g
7 3 1 2 4
8 12 4 8 g
9 ) 2 2 g
19 15 8 7 2
11 2 ] a ]
12 7 6 1 )
13 ) g B )
14 g ) ) 9
16 1 1 g g
TOTALS 116 39 69 7

323 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 g ) ) 2
2 1 2 1 )
3 13 3 1 2
4 24 5 15 a
5 13 3 ¥ 4
6 22 9 13 2
7 2 ) 2 )
8 19 4 6 2
9 b4 ] ) 2
198 13 9 4 2
i1 ) ] g a
12 6 5 1 )
13 g ) ) 2
14 o ) g )
16 1 1 2 2
TOTALS 121 39 62 g
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TABLE A-4. CONTINUED

499 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPOD FIX FIX UNF IXABLE
1 2 ) 2 )
2 1 ) 1 )
3 11 3 8 )
4 28 6 14 )
5 12 3 9 2
6 18 9 9 2
7 2 ) 2 )
8 7 2 5 2
9 4 ) g 1)
19 12 9 3 2
11 B ) g 2
12 6 5 1 9
13 2 ) B ]
14 4 ) ) 2
16 1 1 2 9
TOTALS 9 38 52 b ]

52 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 ] ) g 4
2 1 B 1 )
3 11 4 7 )
4 16 5 11 9
5 12 4 8 ]
6 16 9 7 )
7 2 4 2 g
8 7 2 5 4
9 g ) g 2
19 12 9 3 ]
11 -4 2 ) 4
12 6 5 1 )
13 ] 2 g 2
14 ] B g 2
16 1 1 g 2
TOTALS 84 39 45 2
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TABLE A-4. CONTINUED

698 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 ) g B )
2 1 ] 1 g
3 12 5 5 )
4 15 5 192 )
5 12 4 8 2
6 14 8 6 g
7 2 9 2
8 5 1 4 2
9 i g 4 )
12 19 8 2 '}
11 g ] B 4
12 4 4 ) )
13 g g ) 4
14 ] ) ) g
16 ) 9 i) B
TOTALS 73 35 38  J

788 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 ) 8 - ]
2 1 1 ] )
3 9 5 4 ]
4 12 5 7 2
5 11 4 7 )
6 11 7 4 B
7 2 1 1 g
8 5 1 4 )
9 ] g g )
19 8 7 1 2
11 -] g -] )
12 3 3 2 )
13 ) ] ] g
14 4 4 2 )
16 4 9 ) g
TOTALS 62 34 28 -4
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TABLE A-4. CONTINUED

822 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 2 ) ) )
2 1 1 g )
3 9 6 3 g
4 12 s 7 )
5 11 4 7 )
3 11 7 4 4
7 2 1 1 )
B 4 1 3 )
9 ) 2 g 2
18 8 7 1 )
11 2 ] 2 )
12 3 3 ) )
13 '] P ) 4
14 ) g .4 2
16 ] ) 4 ]
TOTALS 61 35 26 g

982 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 g g 4 2
2 )| 1 g 4
3 7 5 2 8
4 12 5 7 I
5 12 S ) P
6 11 7 4 P
7 2 1 1 )
8 4 1 3 -4
9 ) 4 -} )
12 7 6 1 B
11 2 2 ) 9
12 3 3 ) ]
13 g ) g -4
14 2 g g )
16 4 2 2 9

TOTALS 57 34 23 )
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TABLE A-4. CONTINUED

1922 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 ] 2 ) '
2 1 1 g ' 4
3 6 S 1 )
4 12 6 6 2
5 19 5 5 g
6 19 7 3 ]
7 2 1 1 2
8 3 2 1 2
9 ] g 2 2
19 6 5 1 ]
11 g ) 2 )
12 3 3 2 2
13 -} g g g
14 ) g 9 g
16 g g 2 B

TOTALS 53 35 18 g

2998 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNF IXABLE
1 ) 2 2 )
2 1 1 ) B
3 1 1 g 8
4 5 2 3 2
5 6 5 1 )
6 6 5 1 -
7 2 1 1 2
8 3 3 g )
9 -} i) ] )
18 2 2 ) 2
11 g 4 ) 8
12 4 2 9 B
13 g g 2 4
14 2 2 ] o
16 8 9 2 g

TOTALS 26 28 6 ]
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TABLE A-4. CONTINUED

5992 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 g ) g )
2 2 2 ) g
3 2 ] 2 9
4 2 2 g )
5 2 2 ) 2
6 1 1 2 2
7 1 1 2 B
8 2 2 g )
9 ) 4 ) 2
19 2 2 ) 2
11 g 4 ] 4
12 2 2 ) 2
13 g ) ) )
14 i ) 2 B
i6 ) 2 ] )

TOTALS 8 8 g )

19229 MICROWATTS PER SQ. CM
# STATIONS ANTENNA 1/2 WAVE

# BAYS >PPD FIX FIX UNFIXABLE
1 g ] ) )
2 ) ) 2 2
3 g 4 2 )
4 g ) 2 2
5 ) 4 ) g
6 2 4 2 2
7 2 2 2 )
8 ) ) 2 g
9 4 2 2 )
19 ) ) ) 2
11 }2) ) ) B
12 ) ) g ]
13 2 9 ) 2
14 2 g g g
16 ) -4 2 )
TOTALS ) 2 g )]
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Table A-5. A sample calculation is given of the cost of Fix 2 for all FM radio stations
that can use this measure to comply with guidelines limiting public exposure to
radiofrequency radiation (the 100 microwatts per sq. cm guidance and medium-cost level

are assumed).2

Number Single FM StationsP Multiple FM Stations®

of Bays®  GNS® cnal Cost® GNS® cnat Cost8

l 1 $4,690 $4,690 1 $4,690 $4,690

2 13 8,300 107,900 1 8,300 8,300

3 38 12,200 463,600 6 12,200 73,200

4 55 16,200 891,000 4 16,200 64,800

5 38 21,100 801,800 6 21,100 126,600

6 113 24,300 2,745,900 10 24,300 243,000

7 19 28,300 537,700 i 28,300 28,300

8 63 32,700 2,060,100 5 32,700 163,500

9 4 36,900 147,600 0 36,900

10 102 41,000 4,182,000 7 41,000 287,000

11 16 44,700 715,200 0 44,700

12 143 50,000 7,150,000 7 50,000 350,000

13 1 54,200 54,200 0 54,200

14 59,300 296,500 0 59,300

16 67,700 I 67,700 67,700
611 $20,158,190 49 $1,417,090

@ Fix 2 is to replace the existing antenna with a new model having a broadcast pattern

that delivers little of its signal to the ground near the antenna.

b .
Stations whose antennas are mounted alone on a ground-mounted tower.

C Stations whose antennas are co-mounted on the same ground-mounted tower or on
towers within 100 ft of another tower.

d The size and signal amplification capabilities of the antenna expressed in number of
elements or bays.

€ The number of SFM or MFM stations with the given size of antenna (refer to Tables A-2
and A-4).

T The cost of a new antenna of the given size (refer to Table A-l.b).

g Number of stations times the cost of the antenna.
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Table A-6. A sample calculation is given of the cost of Fix 3 for all FM radio stations
that must use this measure to comply with guidelines limiting public exposure to
radiofrequency radiation (the 100 microwatts per sq. cm guidance and medium-cost level

are assumed).[a]

Number Single FM StationsP® Multiple FM Stations®
of Baysd  GNSs® cnaf Cost8 GNSE cNAf Cost8
1 4 $4,690 $18,760 2 $4,690 $9,380
2 22 14,110 310,420 3 14,110 42,330
3 17 21,960 373,320 11 21,960 241,560
4 24 30,375 729,000 16 30,375 486,000
5 30 39,550 1,186,500 10 39,550 395,500
6 58 45,575 2,643,350 25 45,575 1,139,375
7 11 53,075 583,825 3 53,075 159,225
8 26 61,325 1,594,450 12 61,325 735,900
9 3 69,200 207,600 0 69,200
10 43 76,875 3,305,625 7 76,875 538,125
11 83,825 0 83,825
12 16 93,750 1,500,000 4 93,750 375,000
13 0 101,625 0 101,625
14 1 111,200 111,200 0 111,200
16 0 126,950 0 126,950

255 $12,564,050 93 $4,122,395

2 Fix 3 is to replace the existing antenna with a new half-wave model having a broadcast
pattern that delivers little of its signal to the ground near the antenna.

b Stations whose antennas are mounted alone on a ground-mounted tower.

€ Stations whose antennas are co-mounted on the same ground-mounted tower or on
towers within 100 ft of another tower.

d The size and signal amplification capabilities of the antenna expressed in number of
elements or bays.

€ The number of SFM or MFM stations with the given size of antenna (refer to Tables A-2
and A-4).

f The cost of a new antenna of the given size (refer to Table A-1.c).

& Number of stations times the cost of the antenna.
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where
TC4
GNS
sim,u

GNS
mifm,u

F4
CEQ
CLE
MFM

total cost of Fix 4,

= the gross number of SFM stations that cannot use Fix 2 or Fix 3 to

comply (Table A-2),

= the gross number of MFM stations that cannot use Fix 2 or Fix 3 to

comply (Table A-4),

the distribution factor for Fix 4 at the medium cost level (Table A-3),
the cost of equipment for Fix 4 (Table A-1.d),

the present value of the lease cost (Table A-1.d), and

a factor reflecting the assumption that one third of the MFM stations
will share an antenna with at least one other station
(1-(1/3+1/2) = 0.83).

Refer to Table A-7 for an example of these computations for the 100 uW/cm? level.

Fix 5 involves building a taller, replacement tower on the same site as the existing

tower. To estimate the cost of this measure, it is necessary to refer to two tables.

Table A-8 gives the number of SFM stations for which a taller tower of the height

specified in column 1 is required with a new half-wavelength antenna to reduce power

density to the levels specified across the column entries. Table A-9 gives the same

information for MFM stations. The row of totals shows the number of unfixable stations
at each power density level (see Table A-2 for SFM and Table A-4 for MFM stations). At
the 100 uW/cmz level, for instance, one station requires a 50-ft tower, the cost of which

is given in Table A-l.e.

The cost of Fix 5 is calculated according to

12

TC5=),
h=1

where

GNS(h)

[(GNS()ggrm, 5+ CNT(g5+ 3] «

sfm,15

12
[GNS(h)mfm’fj' CNT(h);5* F5¢ MFM] ,

h= (A<t)

p—

= total cost of Fix 5,
= the gross number of SFM stations requiring a tower of one of 12
heights, h, using Fix 5 (Table A-8),

GNS(h)mfm £5 = the gross number of MFM stations requiring a tower of one of 12
’

CNT(h)f 5

heights, h, using Fix 5 (Table A-8),
cost of a new tower of one of 12 heights, h (Table A-l.e),
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Table A-7. A sample calculation is given of the cost of Fix 4 for all FM radio stations
that must use this measure to comply with guidelines limiting public exposure to
radiofrequency radiation (the 100 microwatts per sq. cm guidance and medium-cost level

a
are assumed).

Single FM S'cationsb Multiple FM Stations®

Equipment Lease Equipment Lease
Gnsd 12 12 16 16
Fix 4 factor® 0.25 0.25 0.25 0.25
NNst 3 3 4 4
Unit cost® $23,000 $59,500 $23,000 $59,500
MFEM Factor! - - 0.83 1.00
Cost' $69,000 $178,500 $76,360 $238,000

3 Fix 4 is to obtain a higher antenna location by leasing space on another station's tower.
b Stations whose antennas are mounted alone on a ground-mounted tower.

€ Stations whose antennas are comounted on the same ground-mounted tower.

d The gross number of SFM or MFM stations using Fix 4, 5, or 6 (refer to Table A-2 and
A-4).

€ Refer to Table A-3.

f GNS times Fix 4 factor to obtain the net number of stations.

& Annual lease cost discounted at 10% for 50 years; refer to Table A-1.d.

h One third of the MFM stations are assumed to share an antenna with one other station;
therefore, the cost is reduced by the factor (1-(1/2%1/3)).

' The number of stations times the unit cost times the MFM factor.
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Table A-8. The number of SFM stations is shown that require higher towers to meet the

seven power density levels for which this compliance measure is necessary (Source: EPA,

ORP, Las Vegas, NV).

Tower height Power density level, pW/cm?
required i 10 20 50 75 100 200
ft Number of stations
50 I 1 i 1
75 7 6 1 |
100 14 14 8 7 1
125 2] 5 2
150 26 1
175 182 11 1
200 5 1 1
250 1
300 2
350
400
500 922 L __ L . . _
TOTALS 922 182 91 31 22 12 2
GNS(h)mfm,fj = the gross number of MFM stations requiring a tower of one of 12
heights, h, using Fix 5 (Table A-8),
CNT(h)fj = cost of a new tower of one of 12 heights, h (Table A-l.e),
F5 = the distribution factor for Fix 5 at the medium cost level
(Table A-3), and
MFM = a factor reflecting the assumption that one third of the MFM

stations will share an antenna and tower with at least one other
station (1-(1/2+ 1/3) = 0.83).

Refer to Table A-10 for an example of these calculations for Fix 5 for SFMs and MFMS.
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Table A-9. The number of MFM stations is shown that require higher towers to meet the
seven power density levels for which this compliance measure is necessary (Source: EPA,
ORP, Las Vegas, NV).

Tower height Power density level, pW/cmf?
required | 10 20 50 75 100 200
ft Number of stations
50
75
100 3 6 3 3
125 5 3
150 17 13 14 3 4
175 109 11 13
200 5 7 7 3
250 22 3 4
300 11 9
350 8
400 11
500 228 _ . . _ _ _
TOTALS 228 109 90 51 39 16 7

Fix 6 involves building a taller, replacement tower on a new site; therefore, the
costs for this measure, Table A-l.f, are higher than for Fix 5. The data describing tower

height required for SFMs for Fix 6 are the same as for Fix 5 and are given in Table A-8.
Required tower height data for MFMs are given in Table A-9. The cost of Fix 6 is

calculated using a formula similar to that for Fix 5.

8 8

TC6= 2, [GNS(h)sfm,fs' CNT (h)sg* F6] +3 [GNS(h)mfm,m' CNT (h)sg* Fé6+ MFM],
h=1 h=1

(A-5)

where
TCé = total cost of Fix 6,
GNS (h)sfm f6¢ ° the gross number of SFM stations that require a tower of one of
’

eight heights, h, using Fix 6 (Table A-9),
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Table A-10. A sample calculation is given of the cost of Fix 5 for all FM radio stations that must use

this measure to comply with guidelines limiting public exposure to radiofrequency radiation (the

. . . a
100 microwatts per sq. cra guidance and medium-cost level are assumed).

Single FM stations®

Multiple FM stations®

Tower Tower

height Cost of height Cost of

required tower required tower

(less Fix 5 @ give, SEM (less Fix 5 Q@ give? MFM

than) ft GNSY  factor®  height total® than) ft GNSY factor®  height total8

50 i 0.50 $24,500 $12,250 50 0.50 $24,500

75 1 0.50 26,800 13,400 75 0.50 26,800

100 7 0.50 29,200 102,200 100 3 0.50 29,200 $43,800

125 2 0.50 32,600 32,600 125 7 0.50 32,600 114,100

i50 i 0.50 36,000 18,000 150 3 0.50 36,000 54,000

175 0.50 39,200 175 0.50 39,200

200 0.50 42,800 200 3 0.50 42,800 64,200

250 0.50 48,700 250 0.50 48,700

300 0.50 56,900 300 0.50 56,900

350 0.50 72,600 350 0.50 72,600

400 0.50 83,400 400 0.50 83,400

500 0.50 105,900 500 0.50 105,900

12 $173,450 16 b $276,100

MFM factor 0.83
Net cost $229,163

3 Fix 5 is to builld a new antenna on the existing site to raise the antenna.

b Stations whose antennas are mounted alone on a ground-mounted tower.

€ Stations whose antennas are comounted on the same ground-mounted tower.

d The gross number of SFM or MFM stations using Fix 5 (refer to Table A-8 and A-9).
€ Refer to Table A-3.

t Refer to Table A-l.e for unit costs.

8 The gross number of stations times the Fix 5 factor times the unit cost.
h One third of the MFM stations are assumed to share an antenna with one other station; therefore,

the cost is reduced by the factor (1-(1/2%1/3)).



GNS (h) = the gross number of MFM stations that require a tower of one of

eight heights, h, using Fix 6 (Table A-9),

mim,f6

CNT(h)f6 = cost of a new tower of one of 12 heights, h (Table A-l.1),

Fé = the distribution factor for Fix 6 at the medium cost level
(Table A-3), and

MFM = a factor reflecting the assumption that one third of the MFM

stations will share an antenna and tower with at least one other
station (1-(1/2 1/3) = 0.83).

Refer to Table A-11 for an example of these calculations for Fix 6 for SFMs and
MFMs. The costs for each of the compliance measures for the 100 uW/cm? guidance at
the medium-cost level are presented in Table A-12. The costs are adjusted by the factor
1.123 because there are 4374 FM stations, but the EPA data base contains data on only
3895 of these (4374/3895 = 1.123). The cost of any guidance level studied can be
computed at any of the three cost levels by using the cost data presented in these tables

and using the procedure described in this appendix.
SOCIAL COSTS

The cost to society-at-large includes the cost of carrying out a survey at all 4,374
stations and the cost of installing one of five compliance measures at those stations that
do not comply with the standard. Table A-12 shows the costs for the various fixes and

Table A-13 shows the total cost to society-at-large.

The cost to society is computed using the following

TCC = TCl+TC2+TC3+TC4E+TC4L+TC5+TC6. (A-6)
TCS = 4374 ($2,000) = $8.748 million. (A-7)
TGC = TCC+TCS. (A-8)
ACF = TGC/5. (A-9)
5
PV = kzl ACF/1.1k-1 | (A-10)
where
TCC =  total cost of compliance measures;
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Table A-11. A sample calculation is given of the cost of Fix 6 for all FM radio stations that must use

this measure to comply with guidelines limiting public exposure to radiofrequency radiation for the 100

microwatts per sq. cm guidance at the medium-cost level.?

Single FM stationsb Multiple FM stations®
Tower Tower
height Cost of height Cost of
required tower required tower
(less Fix 6 @ given SFM (less Fix 6 @ given MFM
than) ft GNSY9 factor® heightf totald than) ft  GNSY  factor® heightf totald
100 9 0.25 $117,500 $264,375 100 3 0.25 $117,500  $88,125
150 3 0.25 120,750 90,563 150 10 0.25 120,750 301,875
200 0.25 124,500 200 3 0.25 124,500 93,375
250 0.25 128,250 250 0.25 128,250
300 0.25 132,000 300 0.25 132,000
350 0.25 140,000 350 0.25 140,000
400 0.25 151,000 400 0.25 151,000
500 0.25 180,000 500 0.25 180,000
12 $354,938 16 $483,375
MFM factorh 0.83
Net cost $401,201

2 Fix 6 1s to build a new antenna on a new site to raise the antenna.

b Stations whose antennas are mounted alone on a ground-mounted tower.

€ Stations whose antennas are coinounted on the same ground-mounted tower.

d The gross number of SFM or MFM stations using Fix 6 (refer to Tables A-8 and A-9).
€ Refer to Table A-3.

! Refer to Table A-1.f for unit costs.

8 The gross number of stations times the Fix 6 factor times the unit cost.

h One third of the MFM stations are assumed to share an antenna with one other station; therefore, the
cost is reduced by the factor (1-(1/2*1/3)).



Table A-12. The total cost by fix to FM radio broadcast stations complying with guidelines
limiting public exposure to radiofrequency radiation is summarized for the 100 microwatts

per sq. cm guidance at the medium-cost level.

Fix Fix | Fix 2 Fix 3 Fix 4 Fix 5 Fix 6 Total
SFM 0 $20,158,190 $12,564,050 $247,500 $178,450 $354,938 $33,503,128
MFM 0" 1,417,090 4,122,395 314,360 229,163 401,201 6,484,209
Total 0 21,575,280 16,686,445 561,860 407,613 756,139 39,987,337
Adjusted
total® 0 $24,229,039 $18,738,878 $630,969 $457,749 $349,144  $44,905,779

8 values from Tables A-5, A-6, A-7, A-10, and A-11 adjusted by the ratio of the number of
actual FM stations to the number of stations in the EPA data base, (4374/3895) = 1.123.
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Table A-13. A sample calculation of the potential cost to the society-at-large of
guidelines limiting public exposure to radiofrequency radiation from FM radio broadcast

sources is given for the 100 microwatts per sq. cm guidance at the medium-cost level.

Total cost of compliance measures (TCC)? $44,905,779
Total cost of a survey (TCS) 88,748,000
Total gross cost of compliance $53,653,779
Annual cash flow cost (ACF) $10,730,756
Present value (PV) $44,745,808

2 From Table A-12
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TC1,TC2,TC3,TC4E,TC4L,TC5, and TC6 are the total costs of the respective
fixes. Fix 4 has an equipment (TC4E) and a lease (TC4L) component. For
the medium unit cost of Fix 4, TC4L = $59,500 and TC4E = $23,000
(Table A-1.d). The lease cost, TC4L, is the present value of the annual
lease cost, $6,000, discounted at 10% for 50 years;

TCS = total cost of the survey;

TGC = total gross cost of compliance;

ACF = annual cash flow cost;

PV = present value of the cost of compliance; and

K = Year index, | to 5.
COST TO INDUSTRY

The cost to the FM broadcast industry of a guideline limiting public exposure to
radiofrequency radiation includes the survey cost as well as the capital and finance costs
of the compliance measures. This section illustrates how the annual, total, and average
cash flow cost and the present value of the net after tax cost are computed for the
100 pW/cnf? guidance level. It is assumed that compliance costs are spread evenly among
five cohorts of stations and that loan amortization and interest payments continue for

five years after initial installation of the compliance measure. The data requirements for
this calculation are:

Total cost of survey, TCS $8,748,000
Total cost, Fix 2, TC2 $24,229,039
Total cost, Fix 3, TC3 $18,738,878
Total cost, Fix 4 - equipment, TC4E $163,239
Annualized cost, Fix 4 - lease, AC4L $107,391
Total cost, Fix 5, TC5 $457,749
Total cost, Fix 6, TC6 $849,144
Tangible property (TC2+TC3+TC4E+TC5+TCé), TP $44,438,050
Expensed costs, year 0 (AC4L+TCS), EX (0) $8,855,391
Expensed costs, years 1-5 (AC4L), EX (k) $107,391
Total number of stations fixed (Table D-4, Vol. 2) 1,163
Loan amount (75% of tangible property), TLP $33,328,537
Down payment (25% of tangible property), DP $11,109,512
Annual principal payment (loan amount 3 5), AM (k) $6,665,707
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Investment tax credit (10% of tangible property), ITC $4,443,805

Effective tax rate 0.46
Interest rate 0.10
Repayment period S5yrs

Depreciation schedule (fraction of tangible property)

Year | 0.15(TP) = DPN(1)
Year 2 0.22(TP) = DPN(2)

Year 3 0.21(TP) = DPN(3)
Year 4 0.21(TP) = DPN(4)
Year 5 0.21(TP) = DPN(5)

The lease costs shown in Table A-i.d are the present value of annual lease costs
(33,000, $6,000, and $9,000 for low, medium, and high cost, respectively) discounted over
50 years at 10%. However, for the industry and average firm analyses, the present value
of the lease cost is annualized over the six years of assumed compliance expenditure as

follows:
AC4L = TC4L [_l(il_).l_(_] ’ (A-11)
(1+0)K-1
where
AC4L = the annualized cost of the lease,
TC4L = the present value of the lease, and
k = the year counter, 1 to 6.

For i = 0.10 and k = 6, AC4L = 0.2296 (TC4L). Therefore, the value used in the
industry analysis for Fix 4 is calculated from the values for Fix 4 - lease (Table A-7) for
SFM + MFM as follows

ACHL = ((5178,500 + $238,000) 0.2296) 1.123 = $107,391.

The calculation of the cost of compliance to the FM broadcast industry considers
the gross cash flow cost, tax shelter effect, the net cash flow cost that results from
expenses, down payment, loan amortization, interest payments, depreciation, and
investment tax credit. The interest is assumed to be paid on the loan balance at the end
of each year. The only non-depreciable expenses considered are that of the survey and
the lease portion of Fix 4. The tax effect of expenses, interest, and depreciation is

determined by multiplying each of these factors by the effective tax rate. The
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investment tax credit is based on the value of the tangible property in the first year,
which is represented as k equal to zero, where k is the year index. The yearly gross cash

flow cost for each cohort is determined as follows:

GCF(k) = DP(0) + TCS(0) + AC4L, for k = 0, and (A-12)
GCF(k) = AM(k) + IN(k) + AC4L, for k = 1,5,
where
GCF(k) = gross cash flow cost,
DP(0) = down payment,
TCS(0) = total cost of survey,
AC4L = annualized lease,
AM(k) = loan amortization,
IN(k) = interest payment, and
k = year index, 0 = year of compliance; 1-5 = continued compliance expenses.

The yearly tax shelter effect is given by

TS(k) = TREX(0) + ITC(0), for k = 0, or (A-13)
TS(k) = TRIN(k) + TREX(k) + TRDPN(k), for k = 1,5,
where
TS(k) = tax shelter in year k,
TREX = 0.46°* EX(k),
ITC = investment tax credit,
TRIN = 0.46* IN(K),
TRDPN = 0.46 * DPN(k), and
k = year index, O to 5.

The net cash flow cost for the FM broadcast industry in year k, NCF(k), is the difference
between the gross cash flow cost GCF(k) and the tax shelter TS(k) and is given by

NCF(k) = GCF(k) - TS(k) . (A-14)
Table A-14 shows how costs are calculated for a cohort of FM broadcast stations using the
variables discussed above for compliance with the 100 uW/cn? guideline. The values in

the last row of Table A-l4 are shown for each cohort in Table A-15. The additional

values shown in Tables A-14 and A-15 are computed as follows:
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Table A-14. A sample calculation of the potential cost to the FM broadcast industry of
guidelines limiting public exposure to radiofrequency radiation is given for the 100
microwatts per sq. cm guidance at the medium cost level. The cost to a